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SEQUENCING SYSTEM AND 
METHOD OF USE 

DESCRIPTION 

BACKGROUND OF THE INVENTION 

Field of the Invention 

The invention generally relates to a sequencing system and method 
of use and, more particularly, to a sequencing system using multiple 
induction points to sequence products and a method of use. 

Background Description 

The sorting of mail is a very complex, time consuming task. In 
general, the sorting of mail is processed though many stages, including 
processes which sort or sequence the mail in delivery order sequence. 
These processes can either be manual or automated, depending on the mail 
sorting facility, the type of mail to be sorted such as packages, flats and 
letters and the like. A host of other factors may also contribute to the 
automation of the mail sorting, from budgetary concerns to modernization 
initiatives to access to appropriate technologies to a host of other factors. 

In general, however, most modern mail handling facilities have 
taken major steps toward automation by the implementation of a number 
of technologies. These technologies include, amongst others, letter < 
sorters, parcel sorters, advanced tray conveyors, flat sorters and the like. 
' As a result of these developments, postal facilities and other mail handling 
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facilities have become quite automated over the years, considerably 
reducing overhead costs. Without these automated systems, it would be 
virtually impossible for the postal system such as the United States Postal 
Service (USPS) to efficiently deliver mail pieces in a time sensitive and 
cost efficient manner. But, further developments must still be made in 
order to ever increase throughput and capacity of these automated 
systems. 

In known automated systems, the mail pieces are provided in 
random order to the postal service or other mail handling facility. At these 
mail facilities, the mail pieces are then sequenced in delivery point order 
by many different, complex processes and systems. In one type of 
automated system, for example, a multiple pass process is utilized with a 
single induction point, i.e., input feeding device. In these systems, bar 
code readers (e.g., optical character recognition (OCR)) and transport 
systems are used to read and sort the mail pieces in a delivery point 
sequence. In general, the mail pieces are fed through the single induction " 
point for a first pass sorting. Thereafter, the mail pieces are again fed 
through the same single induction point to sort the mail pieces in a 
delivery point sequence. But, using this type of system involves 
considerable machine overhead and accuracy. 

By use of a specific example, a carousel-type system with a single 
induction point is typically able to handle approximately 8,000 pieces of 
mail per hour, and uses different holding trays or bins for different sets of 
delivery points. In using this type of system, utilizing a two pass 
algorithm, directions are assigned to a set of delivery points, all of which 
are assigned to output bins or holding trays of the carousel. Taking four 
directions with 16 delivery points, for example, a first portion of the 
algorithm may assign the following directions to each delivery point: 
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Directions 


Delivery Points 


Direction #1 


1 


5 


9 


13 


Direction #2 


2 


6 


10 


14 


Direction #3 


3 


7 


11 


15 


Direction #4 


4 


8 


12 


16 



However, these sets of delivery points are not in any particular 
order. Thus, in such an arrangement, the holding trays are removed from 
the system, and the mail is then fed back through the single induction 
point. In doing so, it is now possible to reassign the directions in the 
" following manner, for example, 



Directions 


Delivery Points 


Direction #1 


1 


2 


3 


4 


Direction #2 


5 


6 


7 


.8 


Direction #3 


9 


10 


11 


12 


Direction #4 


13 


14 


15 


16 



Now, each direction is provided in a sequenced set of delivery points. 
• That is, direction 1 has delivery points for 1, 2, 3 and 4. Direction 2 has 
delivery points for 5, 6, 7, and 8. Direction 3 has delivery points for 9, 10, 
11 and 12. Lastly, direction 4 has delivery points for 13, 14, 15 and 16. 

Although this type of system is an improvement over manual 
sorting and sequencing, throughput and capacity of the machine is limited 
by the single induction point, e.g., input feeding device. Additionally, 
capacity may be considerably decreased due to misread mail pieces, 

overcapacity of the system and other known problems. 

. ." i 
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To increase capacity, other systems are known to use two 
inductions points. But, in these systems, complications arise due to 
system constraints such as, for example, machine error, i.e., reading errors, 
rigidly assigned output grouping schemes and the like, all of which may 
contribute to a reduced capacity of such system. In the situation of 
rejected mail pieces, for example, reject output bins are provided in each 
output group to ensure proper sequencing of the "non-rejected" mail 
pieces. This system constraint reduces the capacity of the system by an 
exponential factor. In a two induction point system, using five output bins 
per grouping, for example, the capacity of the system is reduced by 18 
processing points (i.e., (5 original bins 2 + 5 original bins 2 ) - (4 used bins 2 
+ 4 used bins 2 )) . Of course, the more output groups, the larger the 
reduction in capacity. 

Additionally, in such systems, due to the manner in which output 
bins are assigned in the first and second pass sorting, sorting 
complications, both manually and automatically, are encountered during 
. the induction phase between the first pass sort to the second pass sort. 
This has a tendency to not only complicate the sort process, but also 
considerably decrease (slow down) the throughput of the system. 

The invention is directed to overcoming one or more of the 
problems as set forth above. 

SUMMARY OF THE INVENTION 

In a first aspect of the invention, a system for sequencing products 
includes a plurality of input feeding devices each randomly receiving 
product received from a stream of product. A plurality of output groups 
each having output bins is further provided. A control system has a mode 
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which constrains the input feeding devices to (i) feeding non-rej ected 
product from the. stream of product to assigned output groups of the 
plurality of output groups associated with a corresponding one of the 
plurality of input feeding devices based on a code associated with each of 
the product, and (ii) feeding rejected product to at least one output bin in a 
single group of the plurality of output groups such that any of the plurality 
of input feeders has access to. the at least one output bin. 

In another aspect of the invention, a method is provided for 
/ . sequencing product The method includes the steps of providing a 

plurality of product from a stream of product to any of a plurality of input 
devices and feeding the product to output bins based on a code associated 
with each product Each of the input devices is assigned to a specific . 
output group of the plurality of output groups for a second pass phase. In 
the second pass phase, the input devices feed non-rejected product to the 
output bins of the specific output group assigned to the each input device 
which is feeding the non-rejected product. Additionally, the input devices 
feed, in the second sort phase, rejected product to an output bin common 
and accessible to any of the input devices. 

In another aspect of the invention, a system includes means for 
providing a plurality of product from a stream of product and means for 
feeding each product to output bins based on a code in a first pass phase 
and second pass phase. A means is provided for assigning each feeding 
5 means to a specific output group for the second pass phase. A means is 

provided for constraining, in the second pass phase, non-rejected product 
of the plurality of product to the output bins of the specific output group 
assigned to the each feeding means which is feeding the non-rejected 
product. Additionally a means is provided for permitting, in the second 
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pass phase, rejected product of the plurality of product to an output bin 
common and accessible to any of the feeding means. 

BRIEF DESCRIPTION OF THE DRAWINGS 

5 . . • . ■ ' ' ■ ' : ' ■ ; .. • 

Figure 1 shows one aspect of a sequencing system of the invention; 
Figure 2 shows a general schematic view of a first phase of sorting 
products using the sequencing system of the invention; 

Figure 3 shows a general schematic view of a second phase of 
10 sorting products using the sequencing system of the invention; and 

Figure 4 is a flow diagram showing the steps implementing the 
invention. 

DETAILED DESCRIPTION OF 
15 EMBODIMENTS OF THE INVENTION 

The invention is directed to a sequencing system and method for 
increasing machine capacity and throughput. In an aspect of the invention, 
the sequencing system and method increases machine capacity and 

20 throughput of mail pieces such as packages, flats, mixed mail and the like 

(generally referred hereinafter as product). The system and method also 
significantly reduces processing times for sequencing the products in 
delivery point sequence using, in an embodiment, parallel processing. 
Other applications such as warehousing and storage applications are also 

25 contemplated for use with the invention. 
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Sequencing System 
of the Invention 

Referring now to Figure 1, a general schematic diagram of a 
5 sequencing system is shown. In the embodiment of Figure 1 , the 

sequencing system is generally depicted as reference numeral 100 and 
includes a plurality of induction points or input feeding devices 102a, 
102b, 102c and 102d. In the embodiment of Figure 1, four input feeding 
devices are shown for illustration; however, the sequencing system may 

10 use any number of input feeding devices such as two, three or more input - 

feeding devices depending on the particular application. In one 
embodiment, the input feeding devices each have a feed rate capacity of 
approximately 10,000 letters per hour, and may include a pause device "P" 
as well as an inserter "I" and an optical reader "O" such as an optical 

15 recognition reader (OCR), all communicating and controlled by a 

controller "C". Those of ordinary skill in the art should recognize that 
other feeding capacity rates may also be used with the invention, and that 
the input feeding devices illustrated herein are provided for showing an 
exemplary description of the invention. 
: 20 Referring still to Figure 1 , a conventional type transporting system 

104 is provided for transporting the products between the input feeding 
devices and output bins 106. In one aspect of the invention, the products, 
of product stream "PS", are inducted into any of the input feeding devices 
via the inserters "I" in any random order. The OCR will read a code 

25 . associated with each of the products such as an address code or the like, 
and thereafter the product will be transported to a respective output bin 
1 06 via the transporting system 104 under the control of controller "C\ 
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In an embodiment, a grouping of contiguous output bins 106 may 
be designated for any number of respective carrier routes or groupings of 
product In one example, four output groups 106a, 106b, 106c and 106d 
of output bins are each associated with respectively assigned input feeding 

5 devices 102a, 102b, 102c and 102d. In this particular embodiment, 90 

output bins are associated with each output group for a total of 360 output 
bins. Although 90 output bins are illustrated herein, any number of output 
bins may be associated with each output group. Also, the output groups 

— may correspond in number to the input feeding devices implemented by 
V io the invention, 

Figure 2 shows a general schematic view of a first phase of sorting 
using the sequencing system 100. In the first pass phase, the product for 
any number of routes such as 1 through n routes is presented to the input 
feeding devices in any order to any input feeding device. The; products are . 

15 then fed through the input feeding devices and deposited into an output bin 

associated with one of the output groups based on a sort key or code, 
which is read by the OCR (discussed in greater detail below). That is, 
each input feeding device will read and process a portion of the sort key, 
via the OCR and controller "C\ respectively, to direct the product to a 

20 particular output bin. In the first pass phase, all input feeding devices 1,2, 
... n have complete access to all output bins of all the output groups 1, 2, 
, . . n such that no segregation of the route is required. Rejected product 
from a first pass may be directed to a reject bin 1 09. 

In the illustrative example of Figure 2, after a first pass phase, the 
. 25 product may be segregated into groups of 10 routes each, where: 

(i) product from routes 1-10 are in group 1, 

(ii) product from routes 11-20 are in group 2, and 
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(iii) product from routes N are in group n. 

Those of ordinary skill will recognize that this is only one example which 
may be implemented by the system and method of the invention. 
/ 5 ; Figure 3 shows a general schematic view of a second phase of 

sorting using the sequencing system 100. Each input feeding device is 
assigned a particular. output group (e.g., four groups). In addition, in one 
embodiment, each of the input feeding devices may have access to one 
• common "reject" bin 1 10 in one of the output groups. The bin 110 maybe 

, 10 one or more bins and may be in a separate output group. This allows all of 

the rejected product supplied from any of the input feeding devices to be 
directed to a common bin, while the remaining product are supplied to the 
respective output bins in respective output groups for sequencing. This 
sorting scheme results in a greater system capacity., \ 
15 Now referring more specifically to Figure 3, in a second pass 

A phase, the product of the first output group will be fed through the first 

input feeding device to the output bins of the first output group, the 
product of the second output group will be fed through the second input 
feeding device to the output bins of the second output group, the product 
20 of the n output group will be fed through the n input feeding device to the 

output bins of the n output group, etc, all having a code read by a 
: respective OCR of the input feeding devices. In this manner, the non- 
rejected products are delivered to a respective output group, now in 
sequence. In one embodiment, the system may be placed under a 
25 constraint, to a certain extent, to maintain the output groups between the 

first and second pass phase. 

In one embodiment, the input feeding devices are not constrained, 
in the second pass phase, to output bins of a single respective output 

,■ ' ' 
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group. By way of example, rejected products from each of the input 
feeding devices are fed to a common output bin 110. The common output 
bin may be a single or multiple output bins, and may be in a separate 
output group. The product may be rejected based on, for example, 
misreading or non-reading of the sort key, operator error (i.e., improper 
feeding of the mail pieces into the input feeding devices), machine 
mistiming (i.e., a mail tub not being placed in a timely mariner in an 
output bin), etc. 

As shown in Figure 3, to accomplish an increased throughput and 
capacity of the system all of the input feeding devices have complete * 
access to the common output bin(s) in one of the segregated output 
groups. This increases the capacity of the sequencing system by allowing 
more output bins in each of the n output groups to be allocated to the 
sequencing of the non-rejected product during the second pass phase. For 
example, sorting machines have a processing capacity based on the square 
of the total number of output bins. Thus, in a sequencing system with 90 
output bins per group, a total of 90 2 or 8100 delivery points can be 
processed for each output group. If there is one reject bin for each of four 
output groups, then only 89 bins are available for processing or 
sequencing the product for each group, reducing the total of processing 
points to 89 bins 2 x 4 output groups or 3 1 ,684 processing points. In 
comparison, if a "reject" bin is provided in only one output group, but 
available to all input feeding devices, then 32,221 processing points are 
available for sequencing the product (i.e., (89 bins 2 x 1 output group) + 
(90 bins 2 x 3 output groups)), resulting in 537 more processing points or 
the equivalent of approximately one route. 

When the second pass phase is complete, the product in each 
grouping of n output groups will have its product in sequential order. The 



. I ■ . ' ■ ■ ■ , 

' " V . ' ' : ' ' . . ' : 

s ... 

■ .1 

■11 

. " i " /' ' ; . • 1 

sequenced product will be passed out of the machine through a conveyor 
system that maintains the sequence of the product. The rejected product in 
the common output bin 110 may be manually processed in sequence order. 

5 Method of Sequencing Product using 

the System of the Invention 

The system of the invention may be used for a single carrier route 
at a time, multiple routes at once or for warehousing or other sequencing 

10 needs of products. In one implementation, the sequencing method uses a 

two-pass sort scheme to sequence the product using multiple input feeding 
devices in both the first pass phase and the second pass phase. In the 
second pass phase, all of the rejected product from each of the input 
feeding devices may be fed to a single common output bin to increase the 

15 capacity of the system. The remaining "non-rejected" product may be fed 

to output bins in a single output group associated with a particular input 
feeding device. The rejected product may be manually sorted. 

The sequencing system uses, in pne embodiment, a disjoint sort key 
but other types of sort keys are also contemplated for use by the 

20 sequencing system of the invention. In one implementation, the scheme 

for sequencing the product may include: 

1 . Providing a sort code or sequence number for each product 
based on the address or other product information of the product. 

25 ; 

2. Determining whether the product is going through a first pass 
or a second pass phase. 
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3. If the product is going through a first pass phase, the 
sequencing system will read a first portion of the sort key and assign the 
product to an appropriate output bin in one of the n output groups. 

5 " 4. If the product is going through a second pass phase, the 

sequencing system will read a second, different portion of the sort key and 
assign the product to an appropriate output in the respective output group, 
now in a delivery point sequence. 

10 ; 5. The sequencing system is iterative and will continue both the 

first and the second pass phase in the manner described above until all of 
the products have passed through the system and the appropriate products 
have been provided in sequence after the second pass phase. 

15 The use of the sorting scheme provided above is an illustrative example 

and, as such, it should be understood that the use of different codes or sort 
■ keys may equally be implemented by the invention without varying from . 
the scope thereof 

Figure 4 is a flow diagram implementing the steps of the invention. 

20 ■ The controller "C" may be used to implement such steps of the invention 
as shown in Figure 4 in a first and second mode of operation (first and 
second pass phase). In the first pass phase, all the product is presented, in 
a product stream, to any and all of the input feeding devices in any random 
order (step 400). In step 402, a determination is made as to which product 

25 will be fed to which output bin from each of the input feeding devices. In 
step 404, the product is fed and deposited to the specific output bin based 
on the sort key or associated code. That is, the OCR will read the sort key 
or associated code and the controller U C" will direct the product to a 
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particular output bin of a particular output group or, in an embodiment, 
reject the product, via the transporting system. All input feeding device 
have complete access to all output bins of each of the output groups in this 
phase such that no segregation is required. Additionally, the assigned 
5 groupings may be maintained for the following second pass phase. 

In step 406, each input feeding device is assigned to a particular 
. output group (e.g., four groups). In one embodiment, each of the input 
feeding devices may, in addition, have access to the "reject" bin in one of 
the output groups. This allows rejected products supplied from any of the 
10 input feeding devices to be directed to a common output bin, while the 

remaining products are provided to the respective output groups for 
sequencing. In step 408, the products are renioved from the output groups 
and read by the OCR of a respectively assigned input feeding device, i.e., 
product of group 1 will be fed through input feeding device 1 . The 
15 products should, in an embodiment, remain in order of the bin count, i.e., 

1-90 for each output group, when being fed through the respective input 
. , : feeding device for the second pass phase. 

During the second pass phase, each OCR of the respective input 
feeding device reads the sort key of a particular product (step 408). In the 
20 second pass phase: 

i (i) the product being inducted into each input feeding device is 

identifiable as to order and group; and 

25 (ii) the rejected products, in one embodiment, are directed to a 

common output bin of one of the segregated output groups, while the 
remaining product supplied from the remaining input feeding devices are 
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directed to a respective output group for that associated input feeding 
device. . ' 

In step 410, a determination is made as to whether there is a rejected 
5 product. If there is a rejected product, then in step 412, the product is 

directed to an output bin in one of the output groups. All of the input 
\ K feeding devices have access to and the capability of feeding the rejected 
product to the common output bin in one of the output groups. So, during 
the second pass phase, the rejected product supplied from any of the input 
10 feeding devices may be constrained (i.e., assigned and directed) to a 

common output bin in one of the output groups, . In this manner, rejected 
products, regardless of initial grouping assignment, can be assigned and 
directed to a same output group accessible to each of the input feeding 
devices. In this embodiment, multiple input feeding devices may have 
15 complete access to a respective output group in addition to the output 

group with the "reject" output bin. 

If the product is not rejected, a constraint of the sequencing system 
now forces the product to its respective output group and only to those 
outputs, in step 414. In other words, input feeding device 1 feeds product 
20 to output group 1 and the output bins in that group. This is repeated for the 

other groups, as well. This implementation provides a significant total 
realized throughput increase. 

While the invention has been described in terms of embodiments, 
those skilled in the art will recognize that the invention can be practiced 
25 with modification within the spirit and scope of the appended claims. 
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